Chemistry of Epoxy Compounds. VIL? Stereochemical Relationships bétween
the 9,10-Epoxy-, Chlorohydroxy- and Dihydroxystearic Acids

By DANIEL SWERN

The stereochemical- relationships involved in
the conversion of oleic and elaidic acids (cis- and
trans-9-octadecenoic acids, respectively) to the
9,10-dihydroxystearic acids by way of the inter-
mediate oxirane and chlorohydroxy compounds
have been studied by King? and also by Atherton
and Hilditch.4 These investigators have proposed
reaction schemes which not only differ on several
fundamental points but which are at variance
with accepted thinking on the Walden inversion®
and double bond addition reactions® in some im-
portant respects. '

A satisfactory reaction scheme must be in
agreement with the following experimentally de-
termined facts: - (1) The 9,10-epoxystearic acid
obtained from oleic acid by epoxidation with or-
ganic per-acids and that obtained by hypohalo-
genation and subsequent dehydrohalogenation
are identical, and therefore have the same con-
figuration; (2) the 9,10-epoxystearic acid ob-
tained from elaidic acid by epoxidation and that
obtained by hypohalogenation and dehydrohalo-
genation are also identical, and differ from the
9,10-epoxystearic acid described under (1) above;
(3) the 9,10-dihydroxystearic acid obtained from
oleic acid by oxidation with potassium perman-
ganate and that obtained from elaidic acid by epox-
idation and subsequent hydrolysis are identical;
(4) the 9,10-dihydroxystearic acid obtained from
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elaidic acid by oxidation with potassium perman-
ganate and that obtained from oleic acid by epox-
idation and hydrolysis are also identical and dif-
fer from the 9,10-dihydroxystearic acid described
under (3) above; (5) the chlorohydroxystearic
acids obtained from oleic acid by reaction with
hypochlorous acid and those obtained by epoxida-
tion of oleic acid and subsequent treatment of the
9,10-epoxystearic acid with hydrochloric acid are
identical; (6) the chlorohydroxystearic acids ob-
tained from elaidic acid by reaction with hypo-
chlorous acid and those obtained by epoxidation
of elaidic acid and treatment of the 9,10-epoxy-
stearic acid with hydrochloric acid are also iden-
tical and differ from the chlorohydroxystearic acids
described under (5) above; and (7) treatment of
either 9,10-dihydroxystearic acid with hydrochlor-
ic acid, followed by dehydrohalogenation and hy-
drolysis, yields the other isomer.

For some time we have been studying the reac-
tions discussed above, and in this paper we are
suggesting a scheme which correlates configura-
tional relationships involved, in harmony with
accepted theories of the Walden inversion and
double bond addition reactions. This reaction
scheme is shown in Fig. 1 (the + and — signs do
not refer to optical rotations but are employed to
correlate configurational relationships and to dem-
onstrate the inversions more clearly).

* Although it is generally agreed that opening and
closing of the oxirane ring is accompanied by in-
version,%”:89 and this rule has been followed in re-
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actions 2, 3, 4, 6 and 7 of Fig. 1, Atherton and
Hilditch* have suggested that inversion may not
occur when the oxirane ring of 9,10-epoxystearic
acid is hydrated. One of the reasons offered to ex-
plain this is the fact that hydrolysis of the oxirane
ring by alkaline or by acidic hydrolytic agents
yields the same isomeric form of dihydroxystearic
acid, although the mechanisms of hydrolysis differ.
Thus, in acid hydrolysis the oxirane compound is
converted to the glycol by a two-step process in

a = CH;—(CHy)r—;
Fig. 1.

which a hydroxy-ester is an intermediate, whereas
in alkaline hydrolysis the glycol is obtained di-
rectly in one step. We believe that the formation
of the same 9,10-dihydroxystearic acid can be
adequately accounted for on the.assumption that
in both types of hydrolysis only on¢ inversion oc-
curs, namely, at the time that the oxirane ring is
opened. This is shown in Fig. 2, in which the
conversion of 9,10-epoxystearic acid, m. p2 59.5°,
to 9,10-dihydroxystearic acid, m. p. 95°, is em-
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ployed as the example, although the same reason-
ing applies to the conversion of its isomer, m. p.
55.5°, to 9,10-dihydroxystearic acid, m. p. 131°.
It is important to note that inversion cannot oc-
cur in the hydrolysis of the intermediate hydroxy-
ester obtained by treatment of the oxirane com-
pound with acid because the carbon-oxygen bond
of the alcoholic component, in this case 9,10-di-
hydroxystearic acid, is not ruptured.® Identical
results are obtained when sulfuric acid is em-

ployed instead of organic acids, or when concen-
trated or dilute alkali is used.

As further evidence that the oxirane ring may
be hydrated without inversion, Atherton and Hil-
ditch* have referred to the work of Abderhalden
and Eichwald,!® but we believe that this work is
inapplicable to the present problem. Thus, in-
versions may not occur during the opening or
closing of an oxirane ring which is attached to a
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terminal, non-asyminetric carboun atom,!! as is the
case in the three-carbon systems studied by Abder-
halden and Eichwald, but inversions occur during
ring opening and closure when the oxirane group is
attached to a pair of asym-
metric carbon atoms®® as is
the case in the isomeric 9,10-
epoxystearic acids.
Halohydrins of the same
configuration (see later discus-
sion) may be prepared either
by treating the oxirane com-
pound with hydrogen chloride,
hydrogen bromide or hydro-
gen iodide (reaction 2), or by
treating the appropriate un-
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According to the scheme proposed in this
paper, when dilute alkali is employed, the
iodine atom is replaced directly by the
hydroxyl group, with inversion,’ and the
9,10-dihydroxystearic acid, m. p. 131°, is
obtained. With concentrated alkali, the
oxirane compound is formed as an inter-
mediate, accompanied by inversion,’ and
this on hydrolysis also accompanied by
inversion,’ yields 9,10-dihydroxysteatic
acid, m. p. 95°. Thus, in the latter case
two inversions must occur, whereas in the
former only one takes place. This is
shown in Fig. 3.

The chlorohydroxystearic acids ob-
tained directly from the unsaturated acids
by reaction with hypochlorous acid (reac-
tion 8) and those obtained by treatment
of the oxirane compounds with hydrogen
chloride (reaction 2) have the same con-
figuration, since they (the chlorohydrins)
yield the same oxirane compound on ring
closure. Since opening of the oxirane
ring is accompanied by inversion,%%8?9 it
follows that hypohalogenation of the
unsaturated acids must take place by
trans-addition, as would be expected,® and epoxi-
dation (reaction 1), therefore, must occur by
cis-addition. That epoxidation occurs by cis-
addition was also concluded by Braun!? from a
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form of dihydroxystearic acid
obtained by alkaline hydroly-
sis of these halohydrins is de-
termined by the concentration
of the alkali used, since oxirane
compounds may be formed as
intermediates when the con-
centration of alkali exceeds a
certain value. Thus, Esafov®
has shown that iodohydroxy-
stearic acid, prepared from
oleic acid, yields 9,10-dihy-
droxystearic acid, m. p. 131°,
on hydrolysis with dilute po-
tassium hydroxide, whereas the isomeric 9,10-di-
hydroxystearic acid, m. p. 95°, is obtained when
concentrated potassium hydroxide is employed.
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study of the perbenzoic acid oxidation of crotonic
and isocrotonic acids.
Furthermore, hydroxylation with potassium

(12) Braunm, ibid., 51, 228 (1929).



permanganate (reaction 9) must also occur by cis-
addition, which is in accord with accepted views
on such oxidations,%!% and photochemical addi-
tion of hydrogen peroxide to the double bond, as
well as the catalytic hydroxylation of the double
bond with ¢-butyl hydroperoxide, must also take
place by cis-addition.!* The hydroxylation of
maleic and fumaric acids to.meso and racemic tar-
taric acids, respectively, by these reactions is ex-

cellent proof that a cis-addition mechanism is op-
erative,

The interconversion of the 9,10-dihydroxy-
stearic acids®* (reactions 5, 6 and 7) must proceed,
therefore, as shown in Fig. 1. The postulation of
an inversion when a hydroxyl group is replaced by
a halogen atom, or when the reverse change oc-
curs, is substantiated by extensive experimental
evidence.®

Experimental

Preparation of the Isomeric 9,10-Epoxystearic Acids.—
The high-melting isomer, m. p. 59.5-59.8°, was prepared
in good yield by the epoxidation of pure oleic acid!® with
perbenzoic!® or peracetic acids.l” It can also be prepared
by treating oleic acid with hypochlorous acid followed by
dehydrohalogenation with alkali,#!® although the yields
are poor. ’

The low-melting isomer, m. p. 55.5°, was sitilarly
prepared 4161718 from pure elaidic acid.!®

Preparation of the Isomeric 9,10-Dihydroxystearic
Acids.—The high-melting isomer, m. p. 131°, was pre-
pared in excellent yield from oleic acid by oxidation with
alkaline potassium permanganate® or from elaidic acid
by egoxidation,“' 17 yielding 9,10-epoxystearic acid, m. p.
55.5°, as an intermediate product, followed by alkaline
aqueous hydrolysis.!* It was also prepared in more than
959, yield by heating 5 g. of 9,10-epoxystearic acid, m. p.
55.5°, for several hours at 100° with 100 ml. of glacial
acetic acid, removing the solvent by vacuum distillation
and treating the -residual hydroxyacetoxystearic acids
with an excess of 1 to 6 N aqueous sodium hydroxide for
one hour at 100° (or overnight at room temperature),
followed by acidification with dilute hydrochloric acid.
The high-melting isomer was also prepared under milder
reaction conditions by allowing 9,10-epoxystearic acid,
m. p. 55.6°, to stand overnight at room temperature in
anhydrous formic acid solution or in glacial acetic acid
solution containing 1 to 5% of 959, sulfuric acid, or by
allowing it to stand for several weeks at room temperature
in glacial acetic acid solution, followed by removal of the
solvent and aqueous hydrolysis. The best over-all pro-
cedure for preparing the high-melting isomer, which does
not require isolation of the intermediate oxirane compound,
involves oxidation of elaidic acid with 26 to 30% hydrogen
peroxide in formic or acetic acid solution.?! Yields are
over 96%. :

 The iow-melting isomer, m. p. 95°, was prepared in
excellent yields from elaidic acid by oxidation with alkaline
potassium permanganate,® from oleic acid by epoxida-
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tion:1? and hydrolysis,!* from 9,10-epoxystearic acid,
m. p. 59.5°, as described above, or from oleic acid by
oxidation with 309 hydrogen peroxide in formic or acetic
acid solution.’! p : - ’

Preparation of the Isomeric 9,10(10,9)-Chlorohydroxy-
stearic Acids.—Although the 9,10(10,9) chlorohydroxy-
stearic acids can be prepared from oleic and elaidic acids
by reaction with hypochlorous acid (prepared from gaseous
chlorine and sodium hydroxide and utilized 47 situ,4153%)
in our experience the yields may be low and the products
are usually contaminated with polychlorinated materials.
The best procedure for their preparation is to dissolve
2.98 g. (0.01 mole) of 9,10-epoxystearic acid (either
isomer) in 100 ml. of a 0.2 N solution of anhydrous
hydrogen chloride in absolute ethert»!? contained in a
250-ml. separatory funnel, and allow the solution to stand
at room temperature for three hours. The ether solution
is washed with cold water until acid-free, dried over
anhydrous calcium sulfate and filtered. Distillation of
the ether yields 3.30 to 3.35 g. (99 to 100% yield) of
9,10(10,9)-chlorohydroxystearic acids as a non-volatile
residue. Neutralization equivalent, caled., 334.5; fow'),
334 to 335. 9,10-Epoxystearic acid, m. p. 59.5°, yields
9,10(10,9)-ch]orohydroxystearic acids, m. p. 39-40°
(lit.22 35°), which are reconverted to 9,10-epoxystearic
acid, m. p. 59.5°, on treatment with concentrated al-
kali.41® - The chlorohydroxystearic acids, m. p. 39-40°,
are identical with those obtained by the hypochlorination
of oleic acid, since they both yield 9,10-epoxystearic acid,
m. p. 59.5°, on dehydrohalogenation.* 9,10-Epoxystearic
acid, m. p. 55.5°, yields 9,10(10,9) —chlorohydroxystearic
acids, m. p. 58.0-58.8° (1it.* 58°), which are reconverted
to 9,10-epoxystearic acid, m. p. 55.5°, on treatment with
concentrated alkali.é The chlorohydroxystearic acids,
m. p. 58-68.8°, are identical with those obtained by the
hypochlorination of elaidic acid, since they both yield
Qi,lo-fpoxystearic acid, m. p. 565.5°, on dehydrohalogena-
tion.
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Summary?4%

A reaction scheme is descfibed which correlates
the configurational relationships in the conversion
of oleic and elaidic acids (cis- and trans-9-octa-
decenoic acids, respectively) to 9,10-dihydroxy-
stearic acids by way of the intermediate oxirane
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and chlorohydroxy. compounds, This scheme is
self-consistent and is in harmony with accepted
theories of the Waldet: inversion and double bond
addition reactions, - .

According to this scheme, epoxidation of -the
unsaturated acids with organic:per-acids, or oxi-
dation with alkaline
takes gllace by cis-addition, whereas reaction with
hypochlorous acid proceeds by -frans-addition,
Furthermore, it is postulated that openi g (either
in alkaline or acidic media) and re-forming of the

potassium permanganate,

oxirane ring, as well as replacement of a hydroxyl
group of 9,10-dihydroxystearic acid by halogen,
are each accompanied by an inversion. ~An inver-
sion is also postulated when halogen is replaced by
hydroxyl in the 9,10(10,9)-halohydroxystearic
acids, and an explanation is offered for the forma.
tion of high- or low-melting 9,10-dihydroxystearic
acid when 9, 10(10,9)-iodohydroxystearic acids
(from oleic acid) are treated with dilute or concen-
trated alkali, respectively, -
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